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[57] ABSTRACT 

A method of automatically nptimiVinfr the controllable 
parameters. related to producing printed material on a hard- 
copy output device is provided, along with a hardcopy 
output device configured for implementing this method. 
Users require different types of printed objects to have 
different characteristics. Specifically, business graphics need 
to be sharp and vivid, photographic images should look 
realistic, and text must be black, crisp and clear. By _ 
R^flTirtipf^ analyzing and conditipnin gidata generated during 
a printing" stream, the v arious regions of text , graphics and 
photographic images on a sheet are distinguished, 
characterized, and printed with a custom balancing of color 
pleasing to the human eye for each type of image printed. 

24 Claims, 6 Drawing Sheets 
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AUTOMATIC OPTIMIZATION OF SUMMARY OF THE INVENTION 

HARDCOPY OUTPUT ^^^CED According to one aspect of the present invention, a 

APPEARANCE AND THROUGHPUT method h J ovided of^trolling the printing of ahardcop^ 

FIELD OF THE INVENTION 5 usin S a nardco Py printing device having print characteris- 

tics. The method includes the steps of supplying a printing 

The invention relates generally to a method of, automata medium to a printing device and instructing the printing 
cally optimizing the controllable, parameters related to pro- device to print a selected image having plural elements on 
nucing printed material on a hardcopy output device, and ^ me dium. In a distinguishing step, each element is 
such a device implementing this method. distinguished, and in response to this distinguishing step, an 

BACKGROUND OFTHE INVENTION 10 ad J ustin S step adjusts the instructing step. In an illustrated 

embodiment, the image elemen ts may be distinguished as. 

The term ' Tiardcopy outpul jjgyice" includes a variety of being either textual ..grayscale only T color graphic or photo- 
printer s_and plotters /m eluding those using thermal inkjet __ graphic images, with the instructing step bein g ad j usted to 
and electrophotographic technologies to apply an image to a gen erate a hardcopy output havin g crisp , clear text and 
hardcopy medium, such as paper, transparencies, foils, and 1 grayscale im a ges" sharpTvivid color graphics, and lifelike 
the like. photograph^ *™^e*?. 

Most earlier hardcopy print devices have parameters that According to another aspect of the present invention a 
balance the competing requirements of throughput, typically hardcopy print device is provided for implementing such a 
measured in pages per minute, and the print quality of the ^ mem o(L In an illustrated embodiment, the hardcopy print 
hardcopy output These parameters also control the render- device comprises an inkjet printer, 
ing of the document into both the graphics format and ^ ob - t ^ ^ ^ rf ^ present invention is to 
hardware configuration of the particular device. However, - dc fl mcthod and hardcopy print device that are easy to 

die optimum settings for these parameters often vanes for ^ ^ whjch u$e me ^ color ^ matching 

different types of documents. Po t p mmpl c , documents with ■ 25 ^0^5 of the print device to provide an optimal hard- 
only black ink text have a different set of optimum param- CQ j~ mtpuL 

cters than documents with colored images or business g raph^ . , L . . 4 . . . , 
• ■ ^ r ■ » Another object of an aspect of the present invention is to 

. ^ . t . ^ r u'i provide a color hardcopy which is more vibrant, clear, and 

Most hardcopy print devices have a variety of mechanical £ to ^ obtainablfi ^ eariier 

print modes and rendering or halftoning options that affect 30 r 0 / 

mTthroughput and output Quality. This is especially true for . An additional object _of an aspea of the present inventton 
current color printers based on inkjet technology. These «f. to provide a method and hardcopy ^pnnt device that 
modes are often under the user's direct control, or they are . discriminates between various types d : prtoted , Hm g es, , S , ncJ i. 
set to default values calculated to provide only adequate asjextn^ aysca l c oply color graphic and pherto ggrfuc 
quality output and throughput for the overall image. In this 35 unages and which selects black and color inks in mixtures 
default mode, the earlier devices typically had parameters to yield a preferred color reproduction which is plcasingto 
selected to optimize the most typical type of document they jne_ey, e, annough not necessarily matching the color dis- 
produced, while delivering only acceptable results when played on an associated computer monitor, 
printing other types of documents. A further object of an aspect of the present invention is to 

Whe n under user con trol, in theory, the operator optimize? w provide an improved method of balancing the color require- 
the printin g parameters through trial and error. While an_ for different components of a selected image on a 

ex'perieneedj gerator may eventually determine the relation- component by component basis, using computer software 
ams between each minting p arameter and its effects onlhe with minimal operator input 
^anous^peT^^ ttfl ; rarely ^appens . operators BRIEF DESCRIPnON OFTHE DRAWINGS 

never master an understanding of the complex relationship 45 

between the numerous controllable printing parameters and fig. l is a perspective view of one form of a hardcopy 
ttir quality of the output Indeed, only expert s experienced in output device, specifically, an embodiment of an inkjet 
the rendering and printing technology or a particular hard - printer, of the present invention. 

copy device nave a gooa c hance of selecting the optimum nG 2 is a plan view of one form of a hardcopy output, 
printing parameters, but mis tas k i s quite labor mtensive . 50 having textual, grayscale only, color graphic and photo- 
Moreover, in tne vast majority or earner color matching graphic image components, produced according to the 
techniques, it was impossible to vary the print mode settings present invention. 

on a page by page basis, or for different elements on a single mQS 3Aand 3B (cdfcctivcly TO . 3 ») comprise aflow 
page. Thus, the physical capabilities of hardcopy pnnt difl ^ flustrating one form of the method of the present 
devices are rarely exercised by the vast majority of opera- 55 j^atfon 

tors. As a result, often the printed output is of far lower * J , ^ . _ 

quality, and with less throat, the™could have been ^ »■ 4 » » reproducUon of a prior art computer monitor 

achieved under optimal operating conditions. uscd Wlth earher °° lcgr matching systems. 

For example, consider a sheet containing text, a business FIG. 5 is a reproduction of one form of a computer 
chart, and a photographic image. When color matching was 60 monitor display in accordance with the present invention. 
SpHmized for the photograph the business chart sugged a DETAILED DESCRIPTION OF A PREFERRED 

loss of vivid col o r graphics . If instead, th e color setting s for EMBODIMENT 
the page were aujusted to deliver a brighter , more saturate d 

graphic, then the photographic imag e lost italif elike appear- FIG. I illustrates an embodiment of a hardcopy printing 
anc& Thus, for 'terrain stream operator using the earlier 65 device, here an inkjet printer 10, which may be used in an 
hardcopy devices, optimal hardcopy results were rarely if office or home environment for business reports, 
ever achieved. correspondence, desktop publishing, and the like. While it is 
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apparent that the printer components may vary from model Color is formed in a totally different manner on a computer 

to model, the typical inkjet printer 10 includes a chassis 12 screen than on a printed page. Computer monitors display 

and a print medium handling system 14 for supplying a print colors that are combinations of red, green and blue light 

medium, such as a sheet of paper 15 (FIG. 2), to die printer (RGB). The monitor displays the light rays of these primary 

10. In addition to paper 15, the print medium may be any 5 colors which are then mixed by the human eye in an additive 

type of suitable sheet material, such as card-stock, fashion and interpreted as a multicolor screen. These RGB 

transparencies, mylar, foils, and the like, but for colors are considered to be additive because their sum in 

convenience, the illustrated embodiment is described using balanced amounts is interpreted by the human eye as white 

paper as the print medium. The print medium handling light 

system 14 includes a feed tray 16, an output tray 18, and a w ih contrast, a printer forms colors on a print medium via 

series of rollers (not shown) for delivering the sheets of a w subtractive" mixing of cyan, magenta, yellow and black 

paper from the feed tray 16 into position for receiving ink (CMYK). The cyan, magenta and yellow colors are consid- 

from an inkjet cartridge, such as a color ink cartridge ered subtractive because they each absorb all light ray s 

20 — and/or a black ink cartridge 22. The illustrated color except those of the specific color produced. The letter K" 

cartridge 20 is a tri-color pen, although in some cmbodi- 5 represents "true" black provided by pen 22, as opposed to a 

ments (not shown), a group of discrete monochrome pens composite black formed by the sum of cyan, magenta and 

may be used, or a single monochrome black pen 22 may be yellow in balanced amounts, such as by color pen 20. 

used. Another significant distinction between monitors and hard- 

The cartridges or pens 20, 22 are transported by a carriage copy outputs 40 is the manner in which the various grada- 

24 which may be driven along a guide rod 26 by a conven- 2 o tions of colors are formed. A monitor provides a relative 

tional drive belt/pulley and motor arrangement (not shown). continuum of color levels using the RGB components (e.g. 

The pens 20, 22 may be conventional pens, which selec- 256 or more variations), whereas the hardcopy printer 10 

tively deposit one or more ink droplets on a sheet of paper may have only discrete color control provided by selectively 

15 in accordance with instructions received via a conductor placing as few as three colors (cyan, magenta and yellow) on 

strip 28 from a printer controller 30 located within chassis 25 the sheet 15. 

12, for instance at the location shown in FIG. 1. The feme past, color matching schemes attempted to produce 
controller 30 generally receives instr uctions fro m a com- a hardcopy output which had colors matching those appear- 
puter (not shown), such as a | pasimaTconipu tq^\ monitor ing on the computer monitor. Hiis **what you see is what you 
(not shown) coupled to the computer may oe used to display get" ('WYSIWYG") operational philosophy provided hard- 
visual information to an operator, such as the printer status 30 copy outputs which were not visually pleasing. Independent 
or a particular program being run on the computer. Personal research contracted by the assignee of this patent application 
computers, their input devices, such as a keyboard and/or a discovered two important concepts that challenged this 
mouse device (not shown), and monitors are all well known traditional WYSIWYG assumptions. First, the hardcopy 
to those skilled in the art output 40, not the screen image, is considered to be the 

FIG. 2 illustrates an example of a hardcopy output 40. 35 critical measurement of the users work. Second, while color 

comprising the sheet medium, here paper 15, which has a matching between the printer and screen is important, users 

"s elected image 42 printed thereon , The computer operator consistently preferred that the hardcopy 40 have brighter 

may select, create and/or edit the ima ge 42 on the computer more vivid colors, rather than less vivid, perfectly-screen- 

moni tor prior to printing . The image 42 may include a matched colors. Users also demand that graphics 46 be 

plurality of components, elements or regions, such a& 40 vibrant, and photographic images 48 be natural and lifelike, 

te xtual elements 44. 44 r and~44 (referred to herein generally even when they both appear on the same page. 

as 'text 441 unless otherwise noted); a grayscale regio n, To accommodate these competing desires, the printer 10 

'such as a buslne^5~grafthic bar cnart 45 7 which has severaj incorporates a method of operating the controller 30 which 

data bare~printed in di fferent shades Tbetween black and is illustrated with reference to flow chart 50 in FK3S. 3A and 

white ;_ a color business gra phic region , such as a sectioned 45 3B (collectively, "FIG. 3"). Generation of the hardcopy 

pie chart"~4 6! anj^"Tmx;tgfea Iistic or pho tog raphic color output 40 from a computer file or screen display typically 

component, s uch as a scemc image 4 8^Uther elements may involves several steps, These steps may occur in a printer 

also benefit from being distinguished and processed, as driver (not shown) residing in the host computer, in the 

described further below, such as line art u sed in engineering software contained in the printer 10, in the printer hardware 

and architectural drawings. 50 itself, or in any combination of these locations. For example, 

As mentioned in the Background portion above, in the if the printer has the capability of rasterizing_ a page 

past when a variety of different image types appeared on a description, such as an Adobe Systems, Inc. PostScript® 

single page , the earlier color adjustment schemes yielded printer, or it has the capability of halftoning the rasterized 

unsatisfactory results. In earlier systems, if the hardcopy page description, the printing process of flow chart 50 may 

output 40 were skewed to provide accurate color for the 55 occur partially or entirely within the printer 10. In any case, 

photographic image 48, then the vivid color of the graphics at one stage in the process, data defining the selected image 

46 would be washed out, whereas if the printer was skewed 42 is transmitted from the host computer to the printer 

toward a saturated vivid color for the graphic, the photo- hardware (e.g., the printer pens 20, 22, the drive mechanism 

graphic image 48 would lose its lifelike appearance. for controlling carriage 24, and the paper handling system 

Alternativ ely, these earlier print systems 4 0 allowed users to 60 14) and the image 42 is printed on sheet 15. 

manually adjust the color s, as well as balance quality and Th e types of_ data transmitted from the computer to the 

throughput requirements, in an attempt to provide visually printer 10 typically varies depending upon the types^of 

appealing image s. In reality, very few people ever attained image components under consideration. For example, Jhe 

'this level of sophistication or had the time to implement it on textual components 44 may be transmitted as bit-mappe d 

a regular basis. 65 a ata or A^uu t ext cnafacters, while the photographic image 

Another difficulty in manually adjusting the colors results ' 48 is typically transmitted as bit-mapped or pixel-mapped 

from using a computer monitor as the composing medium. data. The graphs 45 and 46 are generally rectilinear objects^ 
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and may be transmitted as j^Mnapped data or as geometric In addition to the page description 52, other inputs may be 

sha pes in a mathematical format with definitions for pattern, provided to the illustrated embodiment of FIG. 3. While the, 

fill type, ar cs, etc., tog ether with boarder locations. rasterizing step 60 may select a resolution which balances 

"thickness, tries and the hie! throughput apd prin t quality, these parameters may.bc -sur> 

' Thus; in" general the jginte d image components (t extual 5 puea as otigTTgflHsI ffi. such as user or printer inputs. 

44, graysc ale 45, color graphic 46, ui plioto^raphtr^ majr suppJ^aT^^^affialJffi,. For example, a user may 

'dt5tmpa1slie5 bascdj mgn/g ^datrformat receiveorb y the refeefme print quality as "best," "normaT or "draf t" with 

p rinter lOfrom the computer , it is apparent that occasionally colteispcflmng'ffadeoffs of lesser or greater throughputs, 

'there wilfbe exceptions, such as graphs 45, 46 which have respectively. Anot her user inp^t msy he the type of print 

been constructed by the user through bit-map or pixel-map 10 medium. Alternatively, "these inputs 76 may be provided 

techniques, which may then be interpreted as photographic totally or m part by ^ computer, for instance, the type of 

images. Alternatively, each bit-man mav hn anarvred to print media 15 OT pens 20, 22. 

determine its composition, such as by spatial frequency, ^ ^ mugtratcd embodimeilt of piG. 3, the various types 

anaiysis^ao^termnafaoT-oY the number of jmigue, generated during the printing operation, here data 56, _ 

_co*Sg?However, the vast majority of people form business 15 54 ^ fa m cxtracte 5 and conditioned, t henlnjected into 

charts 45, 46 using graphics programs, as opposed to bit- ^g^^^ ptgie printing process, or used to alter th e 

map programs, so on a practical basis any confusion of ^^-3^^ mav be extracted, 

graphics as photographic images is expected to be imnimal Jjj^ ^ ^ pj0 ces sed according to subsequent step" 

How diagram 50 illustrates an embodiment of a method Tn^EelliuWafea embodiment for printer 10, there are three 

of the present invention using printer 10 m an environment 20 fiuch ^ extracuon aad conditioning segments, which may 

provided by Apple Computer, Inc/s QuickDraw® graphics be Hnked togcthcr ^ showDt white mc illustrated embodi- 

language. The illustrated printer 10 is Hewlett-Packard ment interacts at each stage 52, 60, 68 and 75, interaction at 

Company's DeskWriter® 560C model inkjet printer, which [ess man ^ of ^ available sta ges may also be useful in 

has four stages for generating the hardcopy output 40. In the some indentations. 

first stage in a page generating step 52, a page description 25 description signal 58,^ 

is generated, for example, by a user or a software application 1110 u*ui ^uavu^ 10 ^ F y j A u~ * 

10 gtuuauAi, ! kimmv t j ^ 0 . which is supphed to a page statistics collecting and charac- 

using a high level graphics language, such as the Post- ^ . . on T ^ m * ~ A A ^ 

Script® graphics language sold by Adobe Systems, Inc., or tensing step 80 to step 80, the page te^Uon jto 56 « 

Apple Compter, IncVs QuickDraw® graphics primitives coUected * concermng the sekctedunage^Jbe 

,lr . .« . . j ■« A ^T™JT*;„„ statistics collected on the page desc ription may be characr 

(shown m the Jlusttated embodiment). Tie generatmg step 30 f ^ ^ op ^ ^ ^ as « 

52 produces an outpm d^stteam siga^ 54 which may be ^ J^aTanAeir attributes, such asd ieTborto 

, accumulated as jg ge dwenpfton data 5<j . gg fall color, line thickness, and the like. Other statistics 
A n ^riescn ption s.pnal 58, represeW of the accu- ■ mav mdude lnl ormadon on how text 44 is used on the pa ge, 

^ mutated data 56 comprises an inputto the second stage a ar ^U a s the text attributes; such as text size, color and 

rastenzmg page teenpton step 60. Twsrastenziiig step 60 3J jt is often useful to gat her otEcnSformation, such 

^ maybe conducted ma variety of convennona. rnanners -^^^ ^ pext to< ,/ on top ^ cololed regjons.J - 

koowu to those skilled in the art. For example , the raster- " ■■- — ; — 7TZ ZZTZ — TZ — " . . . 

s , f . n mav include choosing a re^on^rAcb-aeld^-- Addifaonal ste fasfacs collected a«d characterized in stepSO 

leTe^ted^mumfadan^e of throug i^TInd print quality". may include me presence of any scanned una gesJS, which 
Alternatively, these parameters imy be suppUed as user or 40 oft" ^present ph otographs. Other statistics regarding ,the 

printer inputs, as discussed farther bdow-AjSata-sJiem selected image 42Tln^- include recording which bke k 

dr ,i mt ^ „f rt,. r fl ^Tinc .ten 60 mav be accumn- objects touch color objects which regions coniam^nrx. 

fTd as raZ 7 ed na^e uwe Ztalt: black objecLs, and wrucFTEgons contem a mutture of black 

Sta ^ X ^ SK " between toe t» : « I and color 

. v 7*T • . .li.K-.^ o (CMY) inks. At this initial collecting step 80, statistics may 

image. The halftoning step 68 may be accomplished in a * , A , ' , ^ - « * . 

, B V . 6 , y , ^ 4 . .„ , . also be cathered to define the bounding areas of regions 

variety of conventional manners known to those skilled in DC g au ^ c ^ l " „ k fi . . rtrtc , „ cW 

„ u ~- uM~ n : nn +~ A;4r-~>r*t having objects that would benefit from different post raster- 

the art, including processes such as halftoning to aiflerent . . ~ _ J . „ . . _ . , . ^ . f c ^ 0 , f 

pixeldepms,ormoserequiredtosuprx)rtcmfere^^ 50 techmques For mstance, business charts 45 46 may 

^tinVmodes. A datl stream si^l 70 output of the benefit from halftoning techniques differing from those used 

r^omngstep68maybecoir^ on the scanned photograph 48, 

data 7 2 Beyond characterizing certain features of the components 
A halftooed data signal 74 represents the halftoned data 45, 46 and 48, step 80 may also cha^cterizes image 42 
72, and is supplied to the fourth stage, a final printing step 55 according to the subsequent steps which may be employed 
75! This printing step 75 may be translated by a portion of ™ certain regions. For instance, step 80 may characterize the 
controller 30 into instruction signals recognizable to the type of ^processing the ph^ographic region 48 requires 
printer hardware to drive the paper handling system 14, the * * ** SBgH^ortrf; focus and could benefit from stop- 
pen carriage 20, and the pens 20, 22 to selectively apply e*mg. Also, a low resolution photograph may benefit from 
Sack and color inks to the print medium 15 to compose the 60 resolution enhancement or synthesis techniques. Color bal- 
selected image 42. It is apparent to those skilled in the art ance and contrast are further examples of statics which 
that other hardcopy print devices may have more or less may be measured and characterized in step 80 for later 
steps than the four stages 52, 60, 68 and 75 illustrated. The correction. 

concepts illustrated by FIG. 3, and as described further In step 80, it may also be useful in controlling subsequent 

below, may be modified accordingly to accommodate the 65 image processing variables, to determine whether image 48 

varying number of printer steps involved for a specific is actually a scanned photograph or a synthetic computer 

hardcopy printing device. generated image. The number and types of colors used on 



04/09/2004, EAST Version: 1.4.1 



5,731,823 



8 



L\0 



/^the page may be counted in step 80 to take advantage of 
/ rendering the page at the lowest possible pixel depth for 
maximum throughput, or if only neutral (gray) colors 45 are 
detected, the page may be treated by printer 10 as a grayscale 
page rather than a color page to maximize both quality and 
throughput. 

, When printi ng one or a sequence of plural hardcopy 
y pages, step 80 may al so collect statistics ror eacn page as a 
whole, such asnne number of elements, or the .Dumber of 




0« \ 



o 



' color elements on each page. Upon completion of all or 
portions ot step 8 0. an output signal 82 carries the charac- 
terized data output of step 80 for accumulation_ aS-£ist-: 
chara'ctfr iza jion data 84. 

This first characterization data 84 is supplied by signal 86 
to a controlling rasterization parameters step 88. In the 
controlling step 88, the first characterization data 86 is used 
to generate a rasterization control signal 90, which is then 
supplied as an input to the rasterizing page description step 
60. The first characterization data 86 may also be supplied 
to a modifying page description step 92. 

In the modifying step 92, the first characterization data 
signal 86 is used as an input to modify the page description 
f or use on a spe cific ty pe of hardTopYjnint device IV . ihusT 
'the modifying slep 92 may be different for an inkjet printer 
10 (FIG. 1) than that for an electrophotographic printer (not 
shown), for example, such as Hewlett Packard Company's 
LasesJetfD printers, because these two devices have different 
print characteristics. The modifying step 92 provides an 
instruction signal 94 which may operate on the page descrip- 
tion data 56 to modify it in accordance with the type of 
printer in use. As with modifying step 92, controlling steps 
88, 104, and 120, modifying steps 108 and 124, and char- 
acterization steps 80, 96, and 112 are all tailored to the 
unique characteristics of each type of hardcopy print device. 
f~ For instance, if black to color bleed control is to be 
\ handled on an object by object basis, then black objects that 
* touch color, or fall within color regions, may have colors 
--modified by step 92. In this case, step 92 insures the images 
are printed with the correct combination of CMYK to 
provide a good quality black without bleed into the "process 
black" of the (mixture of cyan, magenta and yellow) color 
regions. Ano ther option is to use the black and color regions 
tocoDtrolJXJSt-processi ng of the black p i xels in a later step 
to ensure proces s-hlacR is usedLwhqg^eededs 

In another example, step 92 may a djust the line widths to 
pro vide maximum quality ana accuracy of reproduction^b y 
ffie hardc opy output (lcvTce. L For instance, on the color inkjet 
printer 10, color lines that are one pixel wide and designated 
to be produced with halftoned colors often must be thick- 
ened to a two-pixel width to ensure that enough halftoned 
pixels are printed to fully render the line in its true color. In 
contrast, black lines or lines produced with solid colors 
usually do not require thickening. 

In another example, s tep 92 could process photographic 
images with d igital filters to sh ar pen the image, enhance 
edges, ana remove nois e_fe m the image . 
~ The control step 88 produces the control signal 90 based 
upon the current page characterization. Thus, the rasterizing 
step 60 may be modified to provide different rasterizations 
according to which region, textual 44, graphic 45, 46, or 
photographic 48, is being rasterized by step 60. Thus, each 
of the regions 44-48 may be rasterized in a customized 
fashion, according to image type. 

The rasterization controlling step 88 may address other 
concerns. For example, * rt^jmgfr n^y captains srantifirf 
imag es 48 that are of relatively low resolution, the whole 
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page may be rasterized at the lower resolution to maximize * 
throu ghput without reducing print quality. If the page con - 
tains onl y grayscale shades as in graphic 45, then the pa ge 
maybe rasterized on the order of eight bits per pixel, usin g 
a"paypalette fo r maximum throughput ami quality . 
~~PTs another example, the color objects 46, 48 may be 
tagged with color matching information (e.g. ColorSync® 
color matching produced by Apple Computer, Inc.), or if not 
so tagged, step 88 may perform this color matching opera- 
tion before rasterization. Each color object 46, 48 may be 
color matched depending on what type of object it is. If these 
objects have already been tagged with color matching 
preferences, then these preferences may override automatic 
tagging commands of step 88, particularly if the commands 
were manually set, which ensures that the producer of the 
page description may control the type of color adjustment 
for each element on the page. 

The color matching schemes employed by step 88 typi- 
cally vary by object type. Photographic images 48 may be 
color matched with a human perceptual color matching 
scheme that ensures the colors match our memory colors 
(i.e, grass is the right shade of green and flesh colors come 
out correctly), provides good tone reproduction, and adjusts., 
for colors that are outside of the norma l flamifl of colors 
pyttduced'bv printer 10 for a lifelike image. For small text 
and line art,, step 88 may adjust the colors for greater 
inten sity and/or changes in hue so the resulting image is 
sharp^riviri. an d clear. For business graphics and business 
diarts, step 88 may match colors for a pleasing combination 
or vibrancy, while also limiting me colors to prevent over- 
saturation or bleedingfhrough the page, depending upon the 
actual printing technology employed by printer 10. 

Step 88 may also operate to print objects with borders of 
a different intensity than the interior to provide both good 
edge definition and the required area saturation. This can be 
accomplished in QuickDraw® implementations, for 
instance, by modifying the border color in a different manner 
than the interior color. Alternatively, step 88 may divide a 
single object with a single color specification into two 
objects, then treat the border object as having one color, and 
the interior fill object as having a second color. 

In a second data extraction and conditioning segment, the 
rasterized image data 64 is extracted via signal 66 to provide 
an input to a collecting and enhancing step 96. In step 96, 
additional statistics regarding the rasterized page image, 
sometimes also referred to as a bitmap, are collected and 
used to enhance the page first characterization data 84, 
received via signal 86. Using the rasterized data of the first 
characterization 84, allows additional refinement in the 
characterization of image 42. The output of the enhancing 
step 96 is supplied as signal 98 to define a second charac- 
terized data set 100. 

The second characterized data set 100 is provided as 
signal 102 to a controlling halftonmgjjarameters step 104. 
The output of step 104 is provided as a halftoning control 
signal 106 to the halftoning step 68. The signal 102 may be 
supplied as an input to an adjusting pixel image step 108 for 
post processing the rasterized page image data 64. In the 
adjusting step 108, the resulting pixel image signal 66 may 
be Adjusted according'to the specific attributes of the printer 

Itt-^r-^ffiKTTi* ™rvKynp ct*»p ft?, ahnvp, the attrihntes nf an 

inlget printer 10 may be different from those of other types 
at hardcopy output devices, such as a plotter. For example, 
theresutting pixel image may be adjusted to include chang- 
ing the colors to account for inaccuracies in the color 
reproduction of printer 10. For example, different types of 
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ink formulations within the pens, particularly the color pen where the printer lays down only a percentage of the total 
20, may need adjustment to account for slight variations in ink dots available in a given print pass, and makes several 
nue- passes to complete a raster. Shingling hides most nozzle 

The output of the adjusting step 108 is provided as a pixel inconsistencies and reduces the ink bleed. Also, this re- 
adjustment control signal 110, which adjusts the rasterized * ™nngof theamountof ink by step 112 may be used to warn 
image data 64 in this matter. Further color adjustments on when me ink cartridges 20, 22 arc running low. 
ihe page may be accomplished by step 108. For instance, The third characterization data set 116 is supplied by 
photographic regions 48 may be further adjusted now, and signal 118 to a controlling of printing parameters step 120. 
large regions of high saturation may be adjusted to control Based upon this final characterization 116, controlling step 
the amount of ink subsequently printed at step 75. 10 120 provides a printing control signal 122 to the print step 

The post processing step 108 may include digitally fil- 75 ' ^ signal 118 may also be supplied to a Fussing 
tering photographic region 48 for smoothing, sharpening, hatftoned data step 124. In ihe processing step 124 (he 
resolution enhancement and synthesis as needed. This fil- hah^neddatorMybeprcKessedtopr^areitformespecific 
tering aspect of step 108 may only operate on photographic hardware of printer 10. It 1S apparent that this processing 

regions 48 which maximizes throughput and without modi- 13 step may vary depending upon the type of printing ; device 
fying other areas of the page, such as the text 44, that would used, such as an inkjet printer 10 which has tiwcapabihty to 
noTbeneflt from digital filtering. su PP° rt a W»* black resoluUon t 600 * 300 DF P * an , C0 ! OT 

Other examples of functions which may be performed by ( 300x30 ° versus a hardcopy pnnting dev.ee 

u . cAamyiTO «» j* 4* ™ , no • ,„a1 having the same resolution for both black and color. In this 

die post processmg adjusting step 108mdude cparahng M ^ ^ ^ ^ ^ 

black and color areas for blee »^one m ^ , resolution cnhancemcjlt tf 

previous steps at Ac object lcvcL Additionally, steps 104 or of ffie 

108 may smooth black data with a resolution enhancement . } t „- . .. . v „, T . , 

, !r J . . . _«.,„, .... e.,i f„ ui™ processing step 124 is supplied as a processing control 

algorithm. This step is particularly useful for printers like the v to process the halftoned page image data 72 in 

DeskWriter 560C that have the capability to support a higher *?? MI "° 10 P 100 " 5 mc naulODCO P 4 8 c mk * c 

black resolution (600x300 DPI) than color resolution (300x uus manner. 

300 DPD 111 ^ m> - are*s that are pure black may be printed with 

In step 104, the halftoning parameters are controlled differer^j rinter settings to m ^S^S^m^^ 

^Z^^^^^y^-^^^ ^xgopsmay be jg:cd wife ^ settings 

xl t li£ T . , 0 , ,~ —..i,,*:™ Hflahty. Fox instance, if the top half of a pag e contains only. 

the halftoning step 68 may halftone the resulting resolution ^ ■ i" a "V' * .T * 2 n — -Ii. + — v — tl * 

. 5 . F * j . "/ ^., 7, lftJ 30 h1aclctext4 4 T thenitmavbcrmn te4- Wimoutshin gung n?est, 

STaZopriate halftoning technique for eachr^gion of th* "V requ^e 50% shingbng (best for color graphics) toprurt 
Page X Snce, if usefs prefer business graphte 46tobe without noticeable defects. With earlier pnntmg methods, 
Stoned with a different tedmique thansSnned photo- 35 ^^^T^^^^^l^^ 
graphs48,menstepl04rnayacco^lishthi S distmc : tionby " ^t'^TZt^JZS? * 
using the statistic7collected from the page description and 9**^ of the text at the top of the page, 
accumulated as data 84. The controlling step 120 may instruct printer 10 to hold 

- :wstep96merasterizMirn^ ^^^^J"^^^^^^^^^ 
^scanned to coTlStT^rl e^ additional staHshc sT For 40 P 3 ^ J?! 6 * "P 0 * * e amount ? f "* ° n * e pa ff- 
■flffinSfc. if black to c o lor- bleed control was not done^ n. Step 120 may select compression modes , based on the type 
object bv-x WarbTsis , step 96 may scan the bitmap to °f *** *e page to roaxiroize throughput and mmrmze 
sefeite^e^bUckregfons from Ihe region s that « «P"Wy caused by the printer stopping printing and 

a-mlxtureoTWrn^ *« "starting, a phenomenon often caused by a lack of da* 

tion may be used in step 104 to halftone the black mat falls 45 ntevMt^Y^JimtoaMn&tfmqV*, 
within the color regions as a process black (mixture of cyan, shingtog may be controlled on a page by page bads, or on 
magenta and yellow) and that which falls outside of the color * ™&™ for P a g es mat J 6 "* &om d]fferent shingling 
regions as a true black. In step 96, the pure black regions 011 maeat of me 

may also be separated from the color regions for special Thus, the illustrated embodiment of this method controls 
processing. For example, as described earlier, resolution 50 the printing process in an optimal fashion by collecting 
enhancement or smoothing may be applied in step 104 to the statistics at steps 80, 96 and 112 from at the respective stages 
black regions to enhance the edge definition. of print data 56, 64 and 72 on the type of document that is 

I„ a third data extraction and conditioning segment, a be">8 P 11 ^ The steps 80, 96 and 112 use the collected 
collecting and enhancing step 112 further enhances the data data to characterize the images appearing on the hardcopy 
describing the selected image 42 using Ihe hal ftoned page 55 output 40 as textual images 4 4 grayscale image s 45, color, 
data 72, received via signal 74, in combination with the grap hteimag«q6orphotograpmc images^. n£ each stage, 
second characterization data 100, received via signal 102. -additional information is coilecUa to renne me cnaraaer- 
The output of enhancing step 112 is provided as signal 114 ization of the document and reflect the jpage description 
to provide a third characterization data set 116. In step 112, transformation at each stage 52, 60 and 68 of the printing 
the density of pixels on the page may be measured and used 60 process. Additi onal information is extracted from subse - 
to control printing characteristics to ensure the best quality V"* 1 stageOna combined with the characterization rrom 
and highest throughput For instance, if the page has a large the-previous stages to enhance this refinement 
area of dense color pixels, step 112 may direct printing with Each of the characterized data sets 84, 100, 116 are linked 
a higher shingling mode to reduce color bleed, or the printer together so that earlier characterizations are used in subsc- 
may retain the following page longer before dropping it onto 65 quent characterization steps. Advantageously, the illustrated 
this dense page to assure adequate drying time. The term characterization of the hardcopy output 40 allows the indi- 
"shingling" refers to a mode of operation for printer 10 vidua! graphics elements 45, 46 and 48, as well as text 44, 
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to be controlled independently. For example, the colors of 
the business graphics 45, 46 may be processed differently 
from those of the scenic photographic image 48. Thus, bright 
vivid colors may be used for the graphics 45, 46, whereas 
more realistic subtler tones may be used for the photo- 
graphic image 48. 

Other data flow control schemes may also be imple- 
mented. For example, in step 96 of FIG. 3, the pure black 
regions may be separated from regions having touching 
black and color pixels. The black ink data may be transferred 
via signal 98 to the second characterized data 100, while the 
color and processed black ink data may be returned to the 
main print stream via a return signal 66 for subsequent 
processing as a portion of rasterized page image data 64 at 
step 68. Alternatively, the black ink data may be separated 
and directed through steps 112 and 124 for addition to the 
halftoned page image data 72. 

FIG. 4 illustrates a screen display 130 of a prior art printer, 



ink. A grayscale version of the hardcopy output 40 may be 
particularly useful when transmitting die hardcopy image 
via facsimile for receipt on a black ink only facsimile 
machine. Other uses for a grayscale image include photo- 
5 copying on a black ink only photocopy machine, and print- 
ing quick proof or draft copies of color documents 

The steps and processes of printer 10 described may be 
re -ordered . Other modifications may be adapted depending 
upon the printer involved, for instance, color matching may 
to occur at the object level and/or at the rasterized page image 
level. Other steps may be added or modifications made to 
flowchart 50. For example, the statistics collection resulting 
in characterizations 84, 100 and 116, may be fed back 
upstream to affect future output or to cause the process to 
restart with the new information about the current page. For 
instance, if at the end of the process, step 75, it is discovered 
that the page that contains too many printed dots, tijenjhfi- 
process 50 may begin again with the image 4 2 being color _ 

lencethe 



^. . . TT . „ , , „ _ , rk~„i,Ti7_w adjusted to reduce the saturation of the page an*3 »vu^ „„, 

particularly, the Hewlett Packard Company s DeskWnter _ J J r Ul _^— t— r-r — i" u„„ ^ n -u^~^, 

«nr ™«M ™nt*r nth,* driver Software version 2A 20 T^CT^t^tS^ operaaon O^ajiardcOEy 

printer, such as printer 10, m accordance with the_ K£sejit^ 
invention ena bles" the rendering and printing parameters to 
be optimiz ecrfor each type of document, in tact, each 
"TOffiponent o^ a document such as those iflustrated ,aL44=r48, 
25 ~tnat comprise a mi x ot graphic elements may be individually 
cptirrdzgoTfor each sheet printed. 



550C model inkjet printer using driver software version 2.0. 
In the prior art system of screen 130, me colorblending must 
be separately selected, here illustrated as being selected as a 
pattern 132. The color matching feature must also be 
selected, here illustrated as a standard selection 134. The 
print cartridges in use are also separately selected, here as 
black and color cartridges 135. An intensity selection 136 of 
the colors in another choice for the user to make. And finally, 
the operator must decide whether or not to minimize black 
and color bleed by either checking block 138 or leaving it 
blank as shown. 

FIG. 5 illustrates an embodiment of a monitor screen 
display 140 in accordance with the present invention. In 
particular, the screen display 140 shown appears on Hewlett 
Packard Company's DeskWritcr® model 560C inkjet 
printer using driver software version 5.0, which has the 
configuration generally illustrated by printer 10. The illus- 
trated screen 140 includes an intensity selection 142, a 
halftoning selection 144. a bleed control selection 146 and 
a color matching selection 148. If customized color is 
desired, and an operator wishes to separately adjust these 
characteristics, a variety of selections (not shown) are 
available, some of which may be in the same manner as 
illustrated in the prior art systems. 

Advantageously, software embodying one form of the 
method of the present invention may be used to upgrade 
earlier printers originally sold without these capabilities. For 
example, the illustrated version 5.0 driver software may be 
used to upgrade the Hewlett Packard Company's 
DeskWriter® model 55 0C inkjet printer, described above 
with respect to FIG. 4. 

j)ne disti nct advantage of the present invention is the 
readability ot th e "auTo* selection for adjustments 142-148 , 
a$ shown . I Ills ' auto selection refers to tlieau tomatic : color_ 
matc hing s cheme iUusumed ^ allows 55 

the Variou s image regions 44-48 to be distinguished and 
tailored lor color matching as described above. The require- 
ments of the vast majority of users for clear vivid business 
graphics 46 with li felike phot ogr aphic ima ges j48,_mav_be, 
eastrsrufrTaifled without requiring user involvement in setting $o 
thT various color composition factors. Thus, sharp vivid 
hardcopy outputs 40 are obtained with minimal user 
involvement. 

Moreover, in other screen displays (not shown), the 
system of the present invention also allows for the selection 65 
of printing colors in image 42 as a gray scale, a feature 
which was also available in earlier systems using only black 
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We claim: 

1. A method of controlling printing of a hardcopy using a 
hardcopy printing device having print characteristics, the 
method comprising the steps of: 

supplying a page of a printing medium to the hardcopy 
printing device; 

instructing the hardcopy printing device to print on the 
page a selected image having a combination of at least 
two elements comprising (a) textual material, (b) 
graphic images, or (c) photographic images; 

distinguishing each element of the selected image as 
being either (a) textual material, (b) a graphic image, or 
(c) a photographic image; 

collecting; statistics for each distinguished element of the _ 
selected image: and _ 

in response to the distinguishing and collecting steps, 
a djusting the instructing st ep for each of the elements 
to be printed on the page to instruct the hardcopy 
printing device to (a) print any textual material accord-^ 
^ngjn_fl_grfrt sM^of-paraT n f.ti»rg J fo) print any .graphic 
image a ccording to a second set of parameters , an d (c) 
print any photographic i mage according to a third set of 
parajuetere^ 

2. A method according to claim 1 wherein: 

the instructing step comprises plural printing stages; and 
the collecting and adjusting steps are repeated at each of 
the plural printing stages of the instructing step. 

3. A method according to claim 2 wherein th e collecting 
and adjusting steps comprise c ollecting statistics based upon 

7au output o t a ny previous adjustin gjteps. 

4. A method according to claim3wherein at least one of 
the elements of the selected image may be a color image. __ 

5. A method according to claim 4 wherein: 

the hardcopy printing device comprises an ink jet printer 

having color printing capability; and 
the adjusting step comprises adjusting the color printing 

of the inkjet printer. 

6. A method according to claim 1 wherein: 

the instructing step comprises generating a data format 
representative of the selected image; and 
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the distinguishing step comprises distinguishing the data 16. A method according to claim 15, wherein: 

format for each element as either pixel maps of data, the hardcopy printing device comprises an inkjet printer 

geometric data, or textual data. also having color printing capability; and 

7. A method according to claim 1 wherein: me adjusttog step also coinprises adjusting me color 
the instruct step comprises the step of generating a pri ntmg of the inkjet printer. 

page description of the selected unage; and 17 A method according to claim 1 further including the 

the method further includes the step of nwdifying the rf & nce rf lural ^ and 

page description in accordance with the print charac- J^^^^ for ^ p^e. 

tensucs of the hardcopy pnnbng device A hardcopy printing device for printing on a page of 

8. A method according to claim 7 wherein the modrfyuig ^^Vselected image having a combination of at 
step comprises the step of imposing a minimum line thick- f l*"" lucul , " "^s 6 7 ; iLL ! . • , 
nels onX page description least elements , <?> . tartual < b > 

9. A method according to claim 7 wherein: OT** OT < c ) photographic images, the hardcopy 

the instructing step comprises the step of rasterlzing the „ device """"P 1 * 5 ^ 

page descxiptioa to provide a pixel image; and a chassis; 

the method further includes the step of adjusting the pixel a print medium handling system housed in the chassis for 

image in accordance with the print characteristics of the supplying the print medium page to a printing zone; 

hardcopy printing device to provide a resolution spe- a printhead that selectively deposits ink on the print 

cLftc image. 20 medium page in the printing zone in response to a 

10. A method according to claim 9 wherein the step of control signal' and 

adjusting me pixel image comprises the steps of adjusting a contro Uer which generates the control signal in response 

nTme^od e a^d3o%laim 9 wherein the adjusting *> * a J 8 ?^ 

step comprises the steps of- a sclected having a combination of at least two 

ep mpn ep . .... . . elements comprising (a) textual material, (b) graphic 

balancing two characteristics of the hardcopy prmtmg or (c ^ hoto ^phic images, with thedatainput 
device comprising a throughput characteristic and a ' ^ areToUected for each de- 
print quality characteristic, wherein an increase in the muuuiug 4W u»u 

mroujiput characteristic is achieved at a decline in the ™* ° f * c ***** TF'jf. u * ? I f 

print quality characteristic, and an increase in the print 30 portions extracted and adjusted to characterize each of 

quaUty characteristic is achieved at a decline in the * B elements to be printed on the page as either textual 

throughput characteristic; and material, a graphic image or a photographic image to 

selecting a resolution in response to the balancing step. % J^** ^^JS**", , • ,« 

12. A method according to claim 9 wherein: » A hardcopy printing device according to claim 18 
^ . _ . , . ^ . r Uom ^5 wherein the controller extracts and adjusts the portions of 
the instructing step comprises mestep of ha^onrng &e characterize each of the plural elements to 

resolution specific image to provide halftoned print . / . r . . 

data* and be pnnted on the page as either textual material, a graphic 

V , , . . . , - A . • 4.u image or a photographic image, 

the method further includes the step of processing the * hardcopy printing device according to claim 18 

halftoned print data in accordance with the print char- An . , . v , . . t . , 7*. , , Al _ 

acteristicsrfmehardcopyprintingdcvice/ * wherem me pnnthead cornpnses aninlgetpnnthead^ndthe 

13. A method according to claim 1 wherein: hardcopy printing device comprises an in^et pnnto. 

r 21. A hardcopy printing device according to claim 20 

the instructing step comprises the steps of: wherein- 

generating a page description of the selected image wn 

using a high level graphics language; 45 said printhead comprises a black ink printhead; and 

rasterizing the page description for a selected resolution the inkjet printer further includes a second printhead 

to provide a pixel image; and comprising a color ink printhead. 

halftoning the resolution specific image for a selected 22. A method according to claim 1 wherein the distin- 

pixel depth to provide halftoned print data; and guishing step further includes the step of distinguishing a 

the method further includes the steps of modifying the 50 region of the selected image where two different plural 

generated page description, adjusting the rasterized elements touch one another. 

pixel image to provide an enhanced image, and pro- 23. A hardcopy printing device according to claim 20 

cessing the halftoned print data, in accordance with the further comprising a printhead carriage system that propels 

print characteristics of the hardcopy printing device. mc jj±j c t printhead across the printing zone to selectively 

14. A method according to claim 1 wherein: 55 ^ on mc print medium page in response to a control 
the elements of the selected image comprise at least one signal. 

grayscale image; and 24. A hardcopy printing device according to claim 18 

the step of collecting statistics further comprises the step wherein the controller generates the control signal to instruct 

of collecting statistics for each grayscale image. ^ the hardcopy printing device to (a) print any textual material 

15. A method according to claim 14 wherein: according to a first set of parameters, (b) print any graphic 
the hardcopy printing device comprises an inkjet printer image according to a second set of parameters, and (c) print 

having monochrome printing capability; and any photographic image according to a third set of param- 

the adjusting step comprises adjusting the monochrome eters. 
printing of the inkjet printer for each element of the 

selected image. ***** 
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